His mathematical and scientific capacity soon came to be recog nized. He was initiated into physical research by Balfour Stewart, and published a short paper in the Royal Society's Proceedings on 'Contact electricity o f insulators'. He also assisted Balfour Stewart in various researches and nearly lost his eyesight in an explosion. Fortunately, however, no permanent bad result followed. W hile at Owens College he made the acquaintance o f Arthur Schuster and J. H. Poynting, who remained lifelong friends.
On Barker's advice he gave up the idea o f an engineering career and entered Trinity College, Cambridge, as a minor scholar in October 1876. His life after this time was spent almost entirely at Cambridge with the exception of a few short visits to America. He recorded towards the end of his life that he had kept every term since he first went up and been in residence for some part o f each long vacation. His mathematical education at Cam bridge was mainly carried out under Dr E. J. Routh. During his undergraduate period he had no time for further experimental 587 • training. He did not then, or at any time, come under the personal influence o f Clerk Maxwell. During his undergraduate career he does not seem to have taken any part in athletic competitions, though both then and later he took a strong-one might almost say a passionate-interest in the achievements o f others.
He was second W rangler in the Mathematical Tripos o f 1880, Larmor (afterwards Sir Joseph Larmor, F.R.S.) being the Senior.
After taking his degree he began at once to do research work and had indeed published one or two small papers on purely mathematical subjects before graduating. He was elected at his first attempt as a Fellow o f Trinity College. He settled down to research work in mathematical and experimental physics. His early mathematical w ork was in the development o f electro magnetic theory and on the applications o f Lagrange's dynamical methods to problems o f mathematics and physics. These studies were afterwards summarized in a book Application of Dynamics to Physics and Chemistry. His experimental w ork included a deter mination o f v, the ratio o f the electromagnetic to the electrostatic unit, which he carried out under the direction o f Lord Rayleigh. This investigation was not particularly successful, the value arrived at not having stood the test o f time, and indeed the problem was perhaps rather too ambitious a one for an experi menter o f little previous experience.
Thomson became a candidate about this time for a Professor ship o f Mathematical Physics, which had been established at Owens College, but he was not successful, Schuster being pre ferred. O n Lord Rayleigh's retirement from the Cavendish Professorship at Cambridge at the end o f 1884, Thomson was elected to succeed him. This choice was somewhat o f a surprise. He has put it on record that he did not himself take his candidature very seriously, and it seems that he was very generally regarded as more a mathematical than an experimental physicist. Moreover, he was somewhat junior for so important an appointment, his age being only twenty-seven years. However, any doubts that may have been entertained were very soon dispelled by his success in the leadership o f the experimental school at Cambridge. He was not himself a skilful manipulator, then or at any time in his life; indeed he was somewhat incompetent with his hands, and had little knowledge o f mechanical processes. Nevertheless his great abilities and his natural inventiveness largely overcame these difficulties and he commanded the willing help o f others whose qualities were complementary to his own.
Almost from the first he gave his main attention to the discharge o f electricity through gases-the subject on which his great achievements in the future were to come.
Before entering on this, however, it may be mentioned that his first investigation on the value o f v was gone over again and improved in many technical details in collaboration with Mr G. F. C. Searle. The results o f this second investigation may be regarded with much greater confidence than those o f the earlier one.
His earlier investigations on the discharge o f electricity through gases were largely exploratory. He was, as it were, searching for a clue by which he might thread his way through the mazes o f this subject, so rich in experimental detail but with so few clues for theoretical guidance.
He was at this time much impressed by the complication which is introduced by the presence o f metallic electrodes and he thought that if electric discharges could be obtained without the necessity o f making use o f electrodes and without the complication which clearly appears at the boundary between the electrodes and the gas this might form a starting-point to further elucidate the subject. Such was the origin o f his investigations on the electrode less discharge. These investigations gave a valuable method of experimenting which has been exploited in various directions, particularly in connexion with the investigation o f spectra in different orders, and also in connexion with the afterglow in gases; but as a method o f studying the mechanism of discharge it has been proved somewhat disappointing. The intermittent character o f the induced discharge is a serious handicap in quantitative investigations.
Thomson also spent much time in investigating the electrolysis o f steam and in determining the apparent velocity with which luminosity was propagated along a long vacuum tube. These investigations, however, were less fruitful than might have been hoped. The most fruitful period o f Thomson's investigations on electric discharge began with the discovery o f the X-rays in 1896.
About this time a scheme came into operation in the University o f Cambridge allowing post-graduate students from other universities to come into residence and to obtain a degree either by advanced study or by research in the course o f two years. This scheme was not devised with special reference to science in general or to physics in particular; it applied to all branches o f university study, but nowhere was it more important and successful than in connexion with the Cavendish Laboratory. Thomson's writings and in particular his Recent researches electricity and magnetism, published in 1893 as a supplement to Clerk Maxwell's treatise, spread his reputation far and wide, and there were many in colonial and foreign universities who were anxious to take the opportunity o f studying under him. The discovery o f the X-rays caused great enthusiasm and set experimenters working in almost every physical laboratory in the world. Rontgen had, however, made a clean sweep o f most o f the more easily accessible discoveries and a good deal o f this early effervescence passed with comparatively little result on the progress of physics. In the Cavendish Laboratory, however, it was otherwise. Thomson soon discovered that gases exposed to the influence o f X-rays became conductors o f electricity under small electromotive forces. This kind o f conduction was clearly to be distinguished from the kind which obtains when the spark passes, because the spark always requires a minimum electromotive force o f 300 volts under the most favourable circumstances, whereas the X-ray conduction occurs under the smallest electromotive force. The basic discovery o f conduction was made simultane ously elsewhere, but it was in the Cavendish Laboratory that its true implications were unravelled. Thomson invited Rutherford to assist him, and an important joint paper was published in which it was shown that the function o f the X-rays was to liberate charged ions in the gas which moved under the electromotive force applied, thus constituting the carriers o f the current. If the rays were turned oft these ions disappeared by recombination, the positive ions finding negative partners and reconstituting neutral molecules. If, on the other hand, the rays were kept going con tinuously then the current which passed depended on the value o f the applied electromotive force. If the electromotive force was small the ions moved slowly against the resistance o f the sur rounding air, and only a small current passed, the majority o f the ions produced disappearing by recombination. If a large electro motive force was applied, the motion of the ions became so rapid that there was no time for them to recombine before they reached the electrodes. In this case the whole number o f ions produced by the rays was usefully employed in conveying the current, none being wasted by recombination, and the current attained its maximum value. Further increase o f electromotive force could not under these circumstances increase it. Such a maximum current was called by Thomson and has continued to be called the 'saturation current'. W hen the distance between the electrodes was increased the saturation current was increased also. This phenomenon was quite unparalleled in cases of conduction o f electricity through metals or electrolytes and constituted a striking proof o f the correctness o f the interpretation which had been put on these phenomena.
Shortly afterwards other workers in the laboratory, including Rutherford and Zeleny, found the absolute velocity o f the ions through air under the potential gradient of 1 volt per centimetre.
This velocity was found to be proportionate to the electromotive force as indeed had been assumed throughout.
Thomson now turned his attention more definitely to the nature o f the cathode-rays. This had occupied him for many years, and he had always been inclined to the view advocated by Varley and by Crookes that these rays consisted o f negatively electrified particles fired out from the cathode, in opposition to the view taken by German physicists, notably Goldstein, Hertz and Lenard, that the rays were o f the nature o f waves in the ether. Thomson was mainly influenced by the fact that the rays were deflected by a magnetic force transverse to their direction. He had never questioned until now that the charged particles were molecules or atoms. On measuring the amount o f the magnetic deflection he began to doubt whether this view was tenable, the deflection being much larger than seemed reasonably consistent with such an hypothesis. Some o f the workers above mentioned had looked for an electrostatic deflection o f the rays, but had failed to find it-at any rate under conditions o f a satisfactorily simple kind. Thomson was inclined to think that this failure might be due to the conductivity o f the residual gas, and by working at a very high vacuum he succeeded in bringing the electrostatic deviation into evidence. Combining the electrostatic and the magnetic deviation he was able to obtain the necessary data for calculating the velocity o f the rays and the value e/m o f the rat mass. This latter proved to be o f quite a different order o f magni tude from that which is found for hydrogen atoms in electrolysis. Assuming that the charge was the same in both cases it would follow that the mass o f the cathode-ray particles was very small compared with the mass o f the hydrogen atom. Thomson approximately confirmed this value for by using another method, dependent on measuring calorimetrically the energy carried by the rays, and at the same time the charge conveyed by them. He did not pledge himself at this time to the equality o f the charge o f the cathode particles to that o f hydrogen atoms in electrolysis.
The next step was to determine the absolute value o f the charge carried by the ions produced in air by X-rays. This he did by making use o f the discovery o f C. T. R . Wilson that these ions could act as centres o f condensation for cloud drops. It was possible to form a cloud containing a known quantity o f water vapour and a number o f droplets equal to the number o f ions. The rate o f fall o f the cloud indicated the size o f the droplets and thus gave the necessary data for calculating their number. This gave the number o f ions initially present. By collecting the charge o f these ions the specific charge o f one ion could be determined. This value was found to be 6*5 X io -10 electrostatic units. Taking the value o f the absolute weight o f a hydrogen atom from kinetic theory data it appeared probable that this value o f the ionic charge was the same as the charge o f the hydrogen atom in electrolysis.
The identification however was only within rather wide limits o f uncertainty. Up to this point there was no case where the value o f e/m and e was simultaneously determined. Thomson saw the possibility o f getting such a simultaneous determination on the particles which carried away the negative charge when ultra-violet light fell on zinc. He devised a method o f determining e/m for these particles and he determined the charge upon them by cloudy condensation. The result was to show without ambiguity that these particles had a mass o f about one-thousandth o f that o f the hydrogen atom, and that their charge was the same as that o f the hydrogen atom in electrolysis. Thomson at first spoke o f these particles as corpuscles, later he adopted the word 'electron' which had previously been used by Johnstone Stoney in a rather less definite connexion.
Thomson proceeded to develop the conception o f electrons regarded as constituents o f an atom in more detail.' He drew the conclusion from Barkla's experiment on the scattering o f X-rays by air and other gases that the number of electrons in an atom was comparable with the atomic weight. He devised a model o f the atom which he supposed to consist of a sphere o f positive electricity in which electrons were held in stable static equilibrium by their mutual repulsion and the attraction of the positive electri fied sphere, and he was able to show that such a model would have periodic properties, the electrons grouping themselves in successive rings as their number was increased. Thomson's model gave substantially the same account o f the periodic law as is given by the more modern models dependent on the nuclear atom which were deduced by Bohr from spectroscopic data. Thomson further discussed metallic conduction from the point o f view that it was due to the motion o f free electrons in the metal.
The second great period o f Thomson's activity as an experi mentalist from about 1906-1914 was occupied with his develop ment o f the subject o f positive rays. The positive rays originally discovered by Goldstein are found in low-pressure discharge tubes which have a hole in the cathode. They proceed into the force-free space behind the cathode. It was shown by W . W ien that these rays are corpuscular and carry a positive charge. He established further that they had atomic dimensions.
W hen Thomson took up the subject no one had succeeded in obtaining a clear separation o f the different kinds o f atoms which might be present in these rays, and it was his great achievement to have done this. The method was to use parallel fields, magnetic and electrostatic. These give crossed deflections. The rays were received on a photographic plate, and co-ordinates measured on this gave the magnetic and electrostatic deflections respectively.
Thomson discovered the importance o f carrying out these experiments at the lowest possible gas pressure, so as to avoid secondary phenomena, due to the particles acquiring or losing a charge while they were traversing the field. W hen this pre caution was taken it was found that the picture on a fluorescent screen or photographic plate was a series o f parabolas with their common vertices at the point o f zero deflection and with their axes parallel to the direction o f electrostatic deflection. Each of these parabolas indicated one particular kind o f atom or atomic group with a certain specific charge, and each point on the curve corresponded to a different velocity o f the particle. In this way a great variety of different atoms and atomic groupings were proved to be present in the discharge tube and their nature could be identified by measurement o f the co-ordinates on the picture, combined with the knowledge o f the values o f the electrostatic and magnetic fields. An entirely new way o f separating atoms was attained, generally confirmatory o f the results given by chemical methods, but showing that atomic groupings could exist, such as C H or CH 2 or C H 3, which have no stable existence in the chemistry o f matter in bulk. It was shown that the atom o f mercury, for example, could take up a great variety o f charges from one to seven times the electronic charge. Another very important result was that the rare gas, neon, showed two separate parabolas, one indicative o f atomic weight o f 20, the other an atomic weight o f 22. This was the first indication o f the presence o f isotopes outside the field o f radio activity. In these experiments Thomson had the help o f D r F. W . Aston, who, as is well known, later developed the subject independently with great success.
During his tenure o f the Cavendish Professorship, Thomson succeeded in creating a school o f research such as had seldom, if ever, been equalled. The whole depended very largely on his personality, his fertility in suggestion, his kindly interest in his pupils and his genuine enthusiasm when they achieved any success. Sometimes as many as forty research students were working under his guidance, including often enough several professors from American and Continental universities, who took the opportunity o f a year's leave to work under him. In fact a great proportion o f the professorships in English-speaking countries have been occupied by those who were his pupils.
During the war period, 1914-1918, Thomson was largely -occupied with advisory and committee work at the Board o f Invention and Research, under the chairmanship of Lord Fisher, o f which he was a member. This work and the opportunity it gave him for contact with a somewhat wider circle than that in which he had previously moved, interested him very much, but little information is available as to the details.
Towards the close o f the war period, in 1918, the Mastership of Trinity College, Cambridge, became vacant owing to the death ot D r H. Montagu Butler and the position was offered to Thomson by M r Lloyd George. He had little hesitation in accepting, and he hoped to be able to continue his career as an experimentalist. He retained the Cavendish Professorship until the end o f the war when Rutherford was appointed as his successor. Thomson was then appointed as Professor o f Physics which gave him a standing at the Laboratory, although he was no longer director. He con tinued to w ork at the Laboratory for some years, but upon the whole the fruit o f these later investigations was not comparable in importance with those o f the pre-war years.
In 1915 he became President o f the Royal Society in succession to Sir W illiam Crookes, and held the presidency for the customary five years' tenure. At the Society's meetings he was always ready with his comments, even on papers which dealt with subjects outside his sphere, and this readiness had great advantages in preventing any risk o f discussion on a paper falling flat. His readi ness in this respect was o f great value throughout his career, and proved a source o f encouragement to many of those who came under his guidance. He had no undue fear o f 'giving himself away' and was quite ready to express opinions offhand which had not been carefully matured. His readiness o f speech and stimulating personality made him very much in demand as a speaker on all kinds o f occasions connected with science, more particularly at prize-givings, the opening o f new laboratories and the like, and he enjoyed this kind o f w ork and the opportunity it gave him of making new contacts.
As Master o f Trinity it fell to him to entertain many distin guished people, both British and foreign, on the occasion of their attending university ceremonies and college dinners. He had no command o f foreign languages and indeed refused to make any attempt to converse even in French. In this matter he relied on the help o f Lady Thomson. He had o f course complete facility in reading French and German, but never wrote or spoke in these languages.
As Master o f Trinity he was increasingly successful. As. Chairman o f the College Council, when differences o f opinion developed on questions o f policy, he was never seen to lose his equanimity even if those who took a view different to his own were betrayed into any temporary lack o f courtesy o f speech. He took the view that such lapses were best ignored and that so they would be most easily forgotten. His relations with the junior members o f the college were very easy. He took the keenest interest in their athletic performances and nothing delighted him more than the opportunity o f going to a good football match or watching the performances o f Trinity men on the river. He would be seen at races o f quite secondary importance and entered warmly into the prospects o f such contests. He was sincerely pleased to be asked as a guest to an informal luncheon club by undergraduates, and he almost seemed to think more of the honour o f being asked to this than o f the many and impressive dignities which had been conferred upon him by university and learned bodies all over the world.
Thomson had a marked aptitude for finance, and in an unobtrusive way managed his investments so well as to have made a considerable fortune with very little capital to start with. This side o f his activities was comparatively little realized, though he always seemed interested in the methods and working oi small businesses as well as o f high finance.
He was a keen gardener, and took the greatest interest in the selection o f plants and bulbs for his garden, though he did not do much in the way o f manual labour therein.
The honours which fell to Thomson are too numerous to be catalogued at length. 
